The electrical permittivity of the weaves obtained from natural cellulosic yarns or mixed with synthetic fibers was established with capacitor method. The highest value of relative electrical permittivity in case of the woven fabric from natural cellulosic fibers has been observed at the weave made of pure hemp (13.55) and the lowest at the weave obtained from the pure jute-weave packing (1.87). Electrical permittivity value of the pure jute weave packing is comparable to that of the permittivity for the glass thread, when the work conditions are as follows: temperature 25 ∘ C and air humidity 35%. The relative electrical permittivity of the weave is depending on the degree of crimping yarns especially in the weft direction, technological density in direction of the warp and weft, and surface mass of the weave.
Introduction
Electrical and electrostatic behaviours of the textiles are important for practical applications. Dielectric properties of textile materials have been studied for a long time by many researchers [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . Thus, static friction, one of the main methods of electrification of bodies, was first described by Thales of Miletus (VI century BC) on the basis of observations made by a weaver who found that by rubbing amber with a woolen cloth, it will achieve the property of attracting light bodies [8] .
Electrical isolation of current paths of machinery, equipment and electrical installations are made using dielectric materials or electrical insulator, which theoretically have infinite resistivity and appreciable permittivity uninfluenced by environmental conditions and temperature or the variation in time of the electric field where they are used. In real life, insulators have high resistivity, but not infinite permittivity, and properties that vary with the factors previously mentioned and their physical and chemical structure [5] [6] [7] [8] .
Dielectric materials have the electromagnetic fundamental property to be polarized under the influence of the electric field. Cellulose is one of the dielectrics which can be electronically and structurally polarized, with ionic polarization. The permittivity values of solid dielectrics vary according to the structural features of the dielectric material. Most of the dielectrics with their crystalline structure, although linear, are anisotropic [8] . Natural cellulosic fibers which belong to the category of flax, hemp, jute, and cotton have high hygroscopicity and their electrical properties are closely related to moisture content. Theoretically, the mixing of the natural cellulosic fibers with synthetic fibers in different proportions may vary their electrical resistance. Thus, a method to reduce the static electricity charge of the textile fibers can be the mixing process of different types of fibers. Textile fibers absorb a large amount of electrons [11, 12] . For example, cotton fibers are charged with negative electricity; polyamide fibers are filled with positive electricity [11] . In the same way the electrical permittivity will increase in nonwet conditions. In high humidity environments the blends of natural and chemical fibers will have low electrostatic charge because the electrical resistance varies inversely with moisture content [13] . The aim of the present paper is to reveal the possibilities of achievement of the some dielectrics environmentally friendly with electrical permittivity controlled. The electrical permittivity for different textiles from cellulose natural fibers like hemp, flax, jute, and cotton 100% or mixtures from synthetic and natural textiles fibers was studied. These natural cellulosic fibers have the basic component greater than 60% [11, 12] , see Table 1 .
The correlation between the electrical permittivity and the main structural parameters of the fabric [14] , surface mass and technological density of yarns in the direction of warp and in direction of weft, was studied. The practical application of this examined property is important in protection clothes or textile for dedicated behaviour in environments sensitive at electrical discharges.
Theoretical Aspects
Electrical behaviour of the woven structures changes according to the hygroscopicity of the blending fibers and of the ambient humidity. Thus, the fabric will behave as a group RC (see Figure 1 ) in which the capacitive behaviour will prevail in conditions of low humidity and will diminish with increasing humidity. This means that the fabric will electrify more easily in dry environment no matter the quantity of natural fiber content in the mixture is. In high humidity environments the fabric with a high content of cellulosic fibers and a low content of synthetic fibers will act as an RC group with highly resistive component which will prevail in the capacitive component and the fabric will not electrify more easily. This kind of fabric will be suitable for use in industrial areas with high voltages. In this case the electrical behaviour of the fabric can be assimilated with the RC group presented in Figure 2 .
Evaluation of the electrical behaviour of fabrics studied in this paper was made using relative electric permittivity. Textile materials analyzed were used as dielectric for a capacitor with geometrical configuration: -surface electrode (length: 257 mm; width: 140 mm) and -thickness of weave studied. Electric permittivity was calculated with relation (1):
where is the electric capacity, ; is thickness of the weave, mm; and is area of the capacitor reinforcement, mm 2 . Relative electric permittivity allows comparing the electrical point of view of a given environment with vacuum or air. This shows how many times the electrical force of interaction in vacuum is higher than that in environment. The next equation can be used to calculate the relative permittivity:
where 0 is the electric force of interaction in a vacuum; is electric force of interaction in environment analysed; 0 is electrical permittivity of the given environment; and is electrical permittivity of vacuum or air. Electric permittivity of vacuum or air is universal constant with the value 0 = 8.85⋅10
−12 F/m. Relative electrical permittivity of air is close to unity ( air = 1.00059). It is considered that the electrical properties of air are the same as vacuum.
Experimental

Materials.
In this work weaves were studied from cellulosic natural fibers like flax, hemp, jute, cotton 100% or mixtures, polyester 100%, and glass thread. The hemp and flax weaves used in this study came from Integrata Pascani (Romania). The following articles were tested: Suceava, Sava, Nabucco, Rares, Lori, Livia, Zorba, and Ina. The jute weaves studied came from Textila Iasi (Romania). The article from cotton came from Tesatura Iasi (Romania).
Methods.
The variation of the electric permittivity related to the specific material was measured with capacitor method. The installation wiring diagram is shown in Figure 3 . Measuring of the capacity of the woven fabric was performed with Ultraprecision Capacitance Bridge AH 2700 A (ANDEEN-HAGERLING-50 Hz-20 kHz). The thickness of the woven fabric was measured on a MICROMASTER capa system IP54 TESA micrometer. The measuring of the capacity and of the thickness of the fabric was made in ten points on the fabric surface.
Measurements were conducted in the following work conditions: temperature 25 ∘ C, air relative humidity 35%, and the fabric in a single layer.
Electric permittivity was calculated with relation (1) and the relative electric permittivity with (2).
Results and Discussion
In Table 2 the values of the electrical permittivity and the main properties of the weaves from flax, hemp, jute, cotton, blends, polyester, and glass are presented, as the average of 10 measurements. Table 2 permits the following comments to be drawn. The samples made of hemp are named Suceava and Sava and come from the same place: Integrata Pascani (Romania). Hemp fibers that used to produce the articles Suceava and Sava have the same quality and the same chemical composition ( Table 1 ). The two articles from hemp have different structure of the weave, see Figure 4 .
Analysis of the values presented in
Electrical permittivity of three times higher recorded in case of the article Suceava in comparison with article Sava may be attributed to the differences between mass surface unit of the fabrics (about 40%), see Table 2 . The warp and the weft yarns of the article Sava are twice thinner than those of the article Suceava (Table 2) . Capacity measurement was made on available fabrics to a single layer. Usually, the thickness of the fabric depends on length density of yarns from warp and weft, the degree of crimping of yarns and technological density in the weave. These parameters influence the mass surface unit.
Flax fibres in the articles Nabuco, Rareş, Lori, Livia, Zorba, and Ina coming from the same place Integrata Pascani (Romania) have the same quality and chemical composition, see Table 1 .
Articles Nabucco, Ina, and sample dyed at surface (100% flax) have their relative electrical permittivity ranging between 3.79 and 4.11. These nearby values may be attributed to the similar structural characteristics of the three types of fabrics; see Figure 5 . Lower value of relative electrical permittivity (3.01) recorded for the article Rares (flax 100%) may be attributed to smaller thickness and lower mass surface unit (50 tex and 200 g/m 2 ). The differences between these articles, as in the case of hemp articles, are due to structural parameters of the fabric.
Woven fabrics obtained from cellulose yarns or blends of natural fibers with polyester were also tested in terms of electrical behaviour.
For the article obtained from cotton yarns in warp and flax in weft in equal proportions, the different values of the relative electrical permittivity may be attributed to various structures and characteristics of the weave.
Articles Livia and Lori which have in their structure the same type of fibers present different permittivity, a fact that can be explained by the structure of the weave; see Figure 6 . The lower permittivity of article Livia in comparison with article Lori may be due to thickness and the higher threads per 1 dm in direction of the weft which implied the inclusion of small amounts of air.
Mass surface unit higher for article Lori determines the increasing of the relative electrical permittivity by about 40% in comparison with article Livia. Weaves from cotton 100% have similar electrical behaviour with 100% flax.
In case of article Zorba obtained from yarns with homogeneous mixture (60% flax and 40% polyester), relative electrical permittivity recorded is nearest 39, about 10 times higher than for articles Ina, Nabucco, and Rares. This fact may be attributed to the polyester fibers from mixture.
The three weaves from jute (Hessian type, for packing, and dyed at surface) have different values for relative permittivity depending on their structural characteristics; see Table 2 . One of these characteristics, important for thick fabrics, is the degree of crimping of yarns in the weave. This can be calculated using the following equation [14] :
where yarn is length of yarn extracted from the weave; weave is length of the weave; and is degree of crimping of yarns in the fabric. Mean values of the degree of crimping of yarns in the jute weaves are summarized in Table 3 .
Jute fabric for packing has the lower relative permittivity in comparison with the other articles from jute because this has the lowest technological density (Table 2) .
Hessian type weave is more dense than the others because the warp yarns are twisted and the weft are cabled; see Figure 7 . The average thickness of this is 2.5 times higher than that of jute packing weave and is reflected in the value of relative permittivity of 2.3 times higher. Often, the thickness of the weave depends on the linear density of the warp and weft yarns and their degree of crimping in the weave.
The higher relative permittivity of jute weave dyed at surface in comparison with the other two can be explained by the great level of crimping yarns in their structure (Table 3) .
The relative permittivity of the weaves obtained from natural cellulose was compared with the other types of weaves (from natural silk, fiber glass, or polyester, see Figure 8 ). The average values of relative permittivity for weaves obtained from natural silk, fiber glass, or polyester are also presented in Table 2 .
For weaves made from natural cellulose fibers, based on data in Table 2 , using GRAF 4WIN and STATISTICA 99 softwares, the correlation between relative permittivity and the structural parameters was established (mass surface unit and technological density per 1 dm in direction of warp and in direction of weft). Variation of the relative permittivity for weaves as function of the surface mass in the range 100-600 g/m 2 is represented in Figure 9 . Figure 9 shows that, in case of the thin weaves with surface mass up to 350 g/m 2 , relative permittivity does not exceed value 4. For the weaves with surface mass higher than 350 g/m 2 , the relative permittivity values increases were pronounced. This may be explained by reduced porosity of this type of weave.
Simultaneous influence of the threads per 1 dm in the direction of warp and weft on the relative electrical permittivity of the 100% cellulosic materials was established using statistical programs. Based on experimental data from Table 2 , a regression equation (4) 
where represents technological density in direction of warp (yarns/dm); -technological density in direction of weft (yarns/dm); -relative electric permittivity. The regression equation obtained from the experimental data expresses the simultaneous influence of the two independent parameters ( and ) taken into account in the study of the relative electrical permittivity of natural cellulosic weaves.
The coefficient of multiple correlation for the regression equation (4) was 0.29 and the Square coefficient was 0.08. This means that only 8% from the total variation of the measured values for the dependent variable (relative electrical permittivity) is caused by the influence of the technological density in direction of warp and weft (the independent variables). Other factors that influence the electrical permittivity are as follows: chemical structure of fibers, weave thickness, degree of the crimping of the yarns, and so on. Cellulose (over 60%), the basic component of the studied fabrics from flax, hemp, and jute, determines the electrical behaviour of these products.
Using the regression equation (4) in Figure 10 was presented the threedimensional response surface plot.
For the imposed values of the relative electrical permittivity, the regression equation (4) allows the calculation of the technological density values in warp and weft.
The constant-level curves shown in Figure 11 may be employed for establishing the technological density in direction of warp and weft for a certain level of the relative electrical permittivity of the natural cellulosic weaves.
Conclusions
The highest value of the relative electrical permittivity in case of the woven fabrics studied has been observed at the weave made of pure hemp (13.55), and the lowest at the weave obtained from the pure jute-weave packing (1.87). The value of the electrical permittivity of the pure jute weave packing is comparable to that of the permittivity for the glass thread at 25 ∘ C and 35% air humidity.
For the imposed values of the relative electrical permittivity, the regression equation established allows the calculation of the technological density values in warp and weft for the weave.
In the weaves with surface mass higher than 350 g/m 2 , the relative permittivity values increases were pronounced, until 14.
Cellulose (over 60%), the basic component of the studied fabrics from flax, hemp, and jute, is one of the important factors that determines the electrical behaviour of these products.
The important parameters of the fabric structure studied in this paper, which have influenced the relative electrical permittivity, were as follows: the degree of yarns crimping especially in the weft direction, the technological density in direction of the warp and the weft, and the surface mass of the fabric.
Change of the parameters of fabric structure from natural cellulosic fibers (surface mass and technological density) may vary the relative electrical permittivity between 2 and 14. The practical application of this examined property is important for the engineering use in protection clothes or textile for dedicated behaviour in environments sensitive at electrical discharges.
